In the hypertensive patient with electrocardiographic and/or echocardiographic evidence of left ventricular hypertrophy, exercise electrocardiography lacks sensitivity and specificity for the detection of obstructive coronary artery disease and should be avoided. In comparative studies both myocardial perfusion imaging and
Introduction
Hypertension is a strong and independent risk factor for the development of obstructive coronary artery disease (CAD). 1 The presence of left ventricular hypertrophy (LVH) in patients with hypertension substantially further increases this risk. For example, in the Framingham study, patients with 'definite' LVH on electrocardiography (ECG) criteria had a three-fold increased risk of clinically overt CAD after adjustment for hypertension. 2 The Framingham investigators went on to show that regression of electrocardiographic LVH confers an improvement in risk, whereas serial worsening imposes an increased risk for cardiovascular disease. 3 Echocardiography is more sensitive and can quantify (by left ventricular mass index) the degree of LVH compared to electrocardiography. In the Framingham population there was a 10-fold increase in the prevalence of echocardiographic LVH in comparison to electrocardiographic LVH. 4 There is evidence that echocardiographic LVH alone is also an independent risk factor for development of CAD. 5 The reliable detection of significant obstructive CAD is therefore very important in those patients who have LVH detected either by ECG or echocardiography. The diagnosis of CAD is principally a clinical one, but there is an important need to have noninvasive investigations that confirm the diagnosis and provide a reliable indication of subsequent prognosis. The selection of an accurate non-invasive method which can do this will avoid the risk and expense of unnecessary coronary angiography. Exercise ECG, myocardial perfusion imaging (MPI) and dobutamine stress echocardiography (DSE) are commonly used in the assessment of CAD, but there are concerns that in the presence of LVH the diagnostic characteristics of these tests may be adversely affected. In this article we will therefore review the utility of exercise ECG, MPI and DSE.
Exercise ECG in the presence of LVH
Exercise testing is widely used to detect inducible ischaemia due to obstructive coronary artery disease. There is however, considerable variation in the quoted sensitivity and specificity of exercise ECG. A meta-analysis suggested the overall mean sensitivity for the detection of significant CAD is 68% (range 23-100%) and overall mean specificity 77% (range 17-100%). 6 It has been recognised for many years that the exercise ECG in the presence of ECG abnormalities reduces its diagnostic accuracy. 7 Many hypertensive patients will have resting ECG abnormalities due to previous cardiac events and furthermore, in the presence of LVH the exercise ECG gives an increase in false-positive results. For example, Harris and colleagues found that in the presence of LVH and basal ST-T changes, the exercise ECG was not a reliable indicator of significant obstructive CAD. 8 Even in the absence of electrocardiographic criteria of LVH, hypertensive patients may develop ST-segment depression without significant obstructive CAD. 9 There is evidence that suggests the exercise test may not be a false positive in patients with LVH and normal coronary angiography, but in fact reflects a true deficit in coronary flow reserve. However, the reduction in coronary flow reserve is not proportional to the degree of LVH by left ventricular mass index (LVMI) and has only been shown in patients with severe hypertrophy ie LVMI Ͼ200 g/m 2 (normal, Ͻ131 g/m 2 for men and Ͻ100 g/m 2 for women).
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Myocardial perfusion imaging in the presence of LVH
Myocardial perfusion imaging using either exercise or pharmacological stress is a sensitive and specific method for the detection of significant obstructive coronary disease. Dependent on the form of stress used (adenosine, dipyridamole, dobutamine or exercise), the sensitivity ranges from 89-96% and the specificity 83-96%, in various studies. [11] [12] [13] The diagnostic utility of MPI in the presence of LVH has been questioned by the suggestion that there are frequent false positive scans in the presence of normal epicardial coronary arteries. Houghton and coworkers 14 studied 172 hypertensive patients with normal coronary angiography and reported a 31% 'false positive' rate in patients without hypertrophy and 59% in those with LVH. Houghton and colleagues had previously demonstrated in 42 patients with LVH that in those with thallium perfusion defects there was a significant reduction in coronary flow reserve. A greater LVMI was found in those patients with thallium perfusion defects but there was no statistically significant linear relation between LVMI and coronary flow reserve. 15 However, Cecil and colleagues 16 reported no difference in the septal and lateral wall appearance on thallium-201 SPECT in patients with or without LVH. Vaduganathan and co-workers 17 found in 200 patients with echocardiographic LVH that 40% had significant obstructive CAD at angiography. The overall accuracy of thallium-201 SPECT for the detection of significant CAD yielded a sensitivity of 84% and a specificity of 82%. Of those who had an exercise stress and an interpretable ECG, the sensitivity and specificity of the exercise ECG was only 51% and 43% respectively. 17 Elhendy and colleagues, 18 in a population of 84 hypertensive patients, 70% with and 30% without LVH, compared sesta-MIBI SPECT and stress echocardiography for the detection of CAD. Overall 79% of patients had significant CAD. They found that the sensitivity and specificity of MPI was 62% and 91% respectively. There was no significant difference reported in the accuracy between those with or without LVH and in fact, there was a trend towards greater accuracy in those with LVH.
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Stress echocardiography in the presence of LVH Dobutamine stress echocardiography (DSE) has been found to have good diagnostic accuracy for the detection of CAD. The overall sensitivity ranges from 78-93% and overall specificity ranges from 82-93% in various studies.
19-21 DSE has also been reported to be highly specific in hypertensive patients and in those patients with LVH. Senior and colleagues 22 compared the accuracy of DSE and exercise ECG in 43 hypertensive patients, 28 of whom had echocardiographic LVH. The overall sensitivities of DSE and exercise ECG for detecting significant CAD were 93% and 72% and the specificities were 100% and 29%, respectively. The sensitivity and specificity were not found to be significantly different for DSE in the presence of LVH. 22 Fragasso and coworkers 23 studied 101 hypertensive patients who had chest pain and a positive exercise ECG, by maximal treadmill stressed MPI, DSE and coronary angiography. All patients had normal left ventricular systolic contraction and 56% had LVH. The poor diagnostic accuracy of exercise ECG is confirmed by 44 patients having no significant CAD. The sensitivities and specificities for MPI and DSE were 98% and 88% and 36% and 84% respectively. 23 Elhendy and co-workers 18 found that the overall sensitivity, specificity and for the detection of significant CAD using DSE to be 73% and 83%. There was no significant difference in sensitivity and specificity in the presence of LVH. There was also no significant difference in accuracy between DSE and MPI. 18 In the literature there has been no assessment of coronary flow reserve and DSE in hypertensive patients, with or without LVH.
Discussion
It is clear from the comparative data that MPI and DSE are significantly more sensitive and specific than exercise ECG for the detection of obstructive coronary disease in the presence of LVH. The false positive results in MPI, due to a reduction in coronary flow reserve in the setting of high LVMI, obviously reduces the overall specificity for the detection of CAD. This question has not been asked of DSE and it may be that in the setting of high LVMI there is no non-invasive method which is sufficiently specific for the detection of CAD. The phenomenon of reduced perfusion secondary to microvascular disease in this setting has been previously recognised and probably explains the ischaemic symptoms experienced by some hypertensive patients with normal coronary arteries. 24, 25 The access of diagnostic tests to the treating clinician will clearly influence practice. Most clinicians treating hypertension would recognise the importance of an ECG at initial assessment and it is now clear that echocardiographic assessment for LVH imparts additional important information. Almost all clinicians who are treating hypertension will have access to exercise ECG facilities, although awareness of the exercise ECGs limitations may not be fully realised. Many centres either do not have a nuclear medicine department or have one which does not regularly performs cardiac imaging. Familiarity with cardiac imaging is important to achieve satisfactory results. However, many more clinicians will have access to MPI than to stress echocardiography which is not commonly practised in the UK, compared to mainland Europe and North America. DSE is generally only available in the UK within specialist cardiology departments and is often not accessible through the clinical service.
In view of these considerations we would like to suggest an algorithm for the management of the hypertensive patient with suspected ischaemic chest pain. This is shown in Figure 1 .
Conclusion
Hypertension is a significant independent risk factor for the development of obstructive CAD. LVH significantly increases the risk associated with hypertension. Following clinical history and examination, the first investigation in the assessment of the hypertensive patient with chest pain, who has LVH either on electrocardiography or echocardiography, should be by myocardial perfusion imaging or dobutamine stress echocardiography. Standard exercise tests should be avoided as they are insufficiently sensitive or specific for the detection of significant obstructive CAD in this setting. This strategy will reduce the number of inappropriate exercise ECGs and aid the appropriate selection of patients who will require coronary angiography.
